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The g1lycolate oxidase reactioni by x-hich gly co-
late is oxidized to glyoxylate (3, 10) is catailyzed
by a flavoprotein (18) th,at is widely distributed in
higher plants (12) and fungi (4). Its presence
is g,elleralllly assumed in all phoiosynithetic tissuies,
since glycolate is an early product of photosyn-
thesis (14), yet this substrate is tusually found in
oiily minute amounits. The oxidation of glycolate
in higher plants has been shown to be part of a
)athwvav leading to the synlthesis of carbohyldrate
(9, 13) it may he concerned wilth non-cyclic pholto-
phosphorvlationI (1) : the reaction plays a role in
the oipeniing of leaf stoomata (19); and it is im-
portanit in photoresliration (7, 17). It was there-
fore surprising that Hess aned Tolbert (8) recently
failed to detect any glycollate oxidase acitiviity in
several algae including Chila iydoninonas and Chlo-
rclla. It is not certain whether the method of
cu11ltuire or the extraction procedure or their assay
\was at fauilt, !since we have readily foulnd glvcolate
oxidase activity in hoth spec.es of algae. In
Chlainydomonas the activity is in fact alrmnost the
same as in homogenates of tobiacco leaves when
calculated o*n a chlorophyll basis.

Cf1lture of Chblan,udonionas atnd Chlorcie(l. Ouir
cullttures of Chlamivdomionas -eiilnh(ardi, strain 137c
mt+, wvere kindly provided by Dr. N. WV. Gillham,
Harvard University, and the C cloal(i pyrcnoidosa
Tx 71105 by Dr. J. Myers, University of Texas,
Austin. Cuiltulres were grown in Levine and Eber-
sold's liqtuid minimall medium (11) in 600 ml vol-
times conitained in 1 liter Erlenmeyer flasks at 250.
Each flask was equipped w%ith a sintered glass
sparger throuigh which filtered air was passed.
'rhe cuiltuires were illuimlinated continuously with
flutorescent light at aIn intensity of about 1500 ft-c.
'IThe 11nocilumli consisted of a cell suispension pre-
)ared fromn aii agar cultuire gro,\vil oii yeast extract-
atcetate agar. All cultures wvere harvested after 5
days, anid routinely checked for absence of bacterial
contamination wiith a phase contrast microscope.

Preparations of Glycolate Oxidase. About 600
ml of a suspension of Chlamydornonas cells con-
taining 2.4 to 3.5 X 106 cells per ml were centri-
fuged for 5 mintutes at 2000 X g at 15°. The cells
wrere sulspended in 6 ml of 0.01 M\ potassiuim phos-

phate b)uffer (pH 7.0) anid the final volume was
about 10 ml. The suspension was frozen overnight
at -15°. Thie frozen mass was thawed, placed oni
ice and disintegrted sonically for 45 seconds at
maxiimum power with a Biosonik II probe. Exam-
inationi under the mlicroscope revealed mainly par-
ticles abouit 1 u in size and few whole celils. This
suspension was centrifuged at 10,000 X g at 50
for 4 minutes, and the dark green residue was
discarded. The turbid green supernatanit fluid was
againi frozen ov-erniight at -150. After thawing,
the homogena,te was centrifuged for 10 minutes at
10,000 X g at 50, yielding a clear yellow- suipernatant
fraction (7 ml) and a green resildue fraction. The
g,reen residuie fractioon was suispended in 7 m,l of
cold w%vater aind gently homogenized in a Tell Broeck
homogenizer.

Chlorella celIls were treated in a simiilar manner.
Sonic disintegration was carried out for 8 minlutes
after the addition o.f alumina. Even then not many
of the cells were disrupted by the treatment. The
homogenate was decanted from bhe ailuimina and
was frozen, and a stiperniatant and a residule frac-
tion were obtained.

Tobacco plants (Nicotiana ta bacn m, var. Havana
seed) were grown in a subirrigated hench in the
greenhotise. A homogenate activre in glycolaite
oxi(lase was prepared by grinding 0.5 g fresh vweight
of leaf in 4.5 ml of 0.1 M triethanolamine hydro-
chloride (pH 8.0) in a Ten Broeck homogenizer
in the cold ( 16).

Glhcolatc Oxidase Assay. A sensitive assay
was uised based upon the well klnown ability of
g1lcolate oxidase to uitilfize 2,6-dichiorophenodindo-
lphenol as a hydrogeni acceptor (6, 18). The reac-
tion was carried out in Thunberg tubes, and the rate
of dye reduction wA-as measuired alt 590 m,i in a
Coleman colorimeter. 'rhe contenits of the Thuin-
berg tuibes in a typical assay are given in the legend
to figure 1. One uinit of activity was taken as the
amounit of enzyme causing a decrease in absorbancy
of 0.01 per minute at 250. This is equivalent to
abouit 0.002 utmole of glycolate oxidized. The
change in absorbancy between 3 and 13 minutes
after tipping in the enzyme was used to determine
the reaction rate, and a correction was always made
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FIG. 1. Effect of concentration of res
from Chlamydomiionas on rate of glycol
and stoichiometrv of the reaction. The TI
containied 200 gimoles of potassium phosph
pH 7.0, 60 tmoles potassium glycolate, 0.
dichloropheniolindophenol and water to m
volume 6.0 ml; 0.25 ml or 0.50 ml of the
fraction as indicated was placed in the sic
tube was evacuated with a water pump f
and after several minutes the enzyme was
start the reaction. A tube without glycol
control in each experiment. The change i
was measured in a Coleman colorimeter
at approximately 250. The glyoxylate pro(
experiment is gi\ven in the text.

for any activity occurring in the absence of added
glyclolate. Protein was estimated from Kjeldahl
nitrogen determinations (for which we are grateful
to Dr. S. Patil), and chlorophyll. determinations
were made on acetone extracts at 652 m/u (2).

Comitparison of Glycolate Oxidase Activity in

uMOLE Supern(ctant and Residue Fractions. Table I shows
-___;>,_ that glycolate oxidase activity was present in

Chlamydomonas and Chlorella. When compared at
pH 7.0, on a chlorophyll basis there is as much
activity in Chlamydomonas as in tobacco leaf, while
Chlorellal has less activity when calculated on a
proitein basis. However, at pH 8.0 the activity

SI DUE from tobacco leaf increased 2.7-fold, while the
O N activity in Chlanci.ydomonas and Chlorella was un-

changed. In tobacco leaves, the glycolate oxid,ase
is readilly extracted (3, 16), alithough in both
species of algae examined most of the glycola,te
foxidase activity remained in the green residue
fraction. Addition o,f riboflavin phosphate (0.05
to 0.10 mg), which is known to be the prosthetic
group of glycolate oxidase in leaves, slightly de-
cre;ased the acotivity of the glycolate oxidase from

80 100 the algae.
Stoichiometry of the Glycolate Oxidase Reac-

;idue fraction tion in Chlarmydomonas. Figure 1 shows that the
late oxidation initiall rate of reduction of 2,6-dichloropheno'lindo-hunberg tubes phenol in the presence of glycolate is proportional
hate buffer at to the amount of the green residue fraction added.
16 ,umole 2,6- At the end of the experimenits poictured in figure 1,
.ake the final the glyoxylate formed was determined by a modi-
green residue fication of the method of Friedemann and Haugen
de arm. The (5), which is based on formation of the 2,4-dini-
for 1 minute, trophenyl1hydrazone. In the absence of glycolaite,
tipped in to 0.001 JLmo,le of dye was redtuced in each experimenit.

in absorbancy Where 0.12 jLmole of dye was reduced, 0.14 ,moleinat 590mab of glyoxylate was formed; in the experiment in
ruced in each which 0.085 jumole of dye was reduced, 0.092 ,mole

oif glyoxylaite appeared. The resullts thus show

Table I. Glycolate Oxidase Activity of Fractions fromi, -1lgae anld 7Tobacco Leaf Homogenate
The assays were carried out in Thunberg tubes as described in the text and in figure 1. A comparison of

the activity at pH 8.0 compared with that at pH 7.0 for the greeni residue fraction of the algae and the tobacco
homogenate is giveen in the last column. A unit of enzyme activity is the amount causing a decrease in absorbancv
of 0.01 per minute betwveen 3 and 13 miniutes at 25o.

Clear
Homogenate supernatant

pH 8.0
Green Ratio
residue pH 7.0

Cihlamuiydomonas. 1.44 X 109 cells
Total units
Units per mg protein
Units per mg chlorophyll

Chlorella, 1.08 X 1010 cells
Total units
Units per mg protein

Tobacco leaf, 0.5 g fr wt
Total units
Units per mg chlorophvll

2o' I3.0

28

3.)

23
4.4

38
2.61.3

41
20

1.0

0.86

2.7

'990
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that for each mole of dye that is reduiced in the
presence of glycolate, approximately 1 mole of
givoxylate is synthesized.

Synthesis of Glyoxylatc-14C fro ii Glvcolate-14C
hb Rc-sidi e Fraction fro ini Chlarnvdom.onas. As
fuirther evAelice that glyoxylate is the product of
this glycolate oxidaase reaction, experiments were
carried oul1t similar to those in figilre 1 in which
the substrate consi,sted of 30 jLmoles of potassium
glycolate-2-1-C puirified on Dowex-1 acetate (15)
an(d containing 2.16 X 106 CPAL. The enzyme was
0.4 unit of the residiue fraction or the residue
fraction after being heated on a stelamibath for 5
minuites. After 105 minultes, 4 ml of 95 % ethyl
alcohol w-as a(dded to the Thunl)erg tilbes. The
suspension was cenitrifuiged alid the glyoxylic acid
was separated on a coluimn of Dowex-1 acetate
(15). The radi,oactivity was determined by scin-
tillation; couIniting. The Thtinberg tube containing
boiled enzyme showed 0.003 ,umole of dye redticed
and was treated in tbhe same way and served as
control. In the experimental tube the dye redticed
equalled 0.041 ,umole and 0.035 ,nmo'le of glvoxylate-
11C was formed, in reason-able agreement with the
expecte(d stoicihi,ometry.
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